ANALOG AND DIGITAL ELECTRONICS

MODULE -3

C()UNT-ERS & D/A CONVERSION AND A/D CONVERSION
COUNTERS

DECADE COUNTERS:

A Mod-5 Counter:

A three flip-flop counter has a natural count of 8. The following counter is constructed such that, it will

skip over three counts, and gives a mod-5 counter.

.,.Vcc \ A Coount
0
L T 1
T A

—( _ 1 3

X A o 4

e _ — o - 0 0
D=C, 3288, Ky=Tg=Kg=%.= ). | ropeats

’7;)?76 ?' é *IE :,l f: > 7

v
L=z h B C
Mod-5 Binary Counter
A Mod-10 Counter (5 x 2, Mod-10 Counter):
A 5 x 2, mod-10 counter is shown in the following Fig.
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A Mod-6 Counter (2 x 3, Mod-6 Counter):
A 2 x 3, mod-6 counter is shown in the following Flg
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STraight-Binary Count Sequence
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The 7490A: The 54/7490A is a TTL MSI decade counter. Its logic diagram, pin-out, and truth table are

given in the following Fig. ~

Dualdn-Line Package
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m!;;ﬁ:} ! ] Mote 1:H = High Lewel, L= Low Lewel, X = Bon't Cara.
B Mote 2: Output O 4 is connected to input B for B CO count.

Hote 3: Output O gis connectz d to input Afor bi-quinary count.
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Count | Qp | Qc | Qn | Qa Count | Qp | Qc | Qs | Qa
0 L |L|L L 0 L|L|L|{L
1 L{L|L|H l L|]L|L|H
2 LIL|H]|L 2 L|L|H]|L
3 [L|[L|H|H 3 | L | L [H]|H
4 L H L L 4 L H L L
s LU H|[L|H 8 |H|L|L|G
6 L |H|H|L 9 H|L|L}|H
7 L {H|]H]|H 10 H|L|H]|L
8 H|L{L|L i H|L|H{H
5 [H|L]|L |H 2 |H|H|L]|L

Output Q4 connected to input B QOutput Qp connected to input A

PRESETTABLE COUNTERS:
Self Study.

COUNTER DESIGN AS A SYNTHESIS PROBLEM:
Here, we consider counter as a state machine and discuss counter design steps:
f. Draw the st&[e. diagram for the proﬁlem
2. Construct the truth table
3. Construct the transition table
4. Write excitation table (by using characteristic table and state diagram of flip-flop) for flip-flop

used in design

b

Construct state (able by using transition table and excitation table

6. Draw the K-map and solve for logic equation; and finally, draw the logic diagram.

Problem: Design a mod-3 counter as a synthesis problem using JK flip-flop,
Solution:
A mod-3 counter will generate 0,1,2,0,... states. -

1. State Diagram: 2. Truth Table:

Clock Count | B
0 0|0
| 01
2 110
3 010
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vasition Table:

Present State | Next State J|I K| Qu Action
B A B A 0|0 | Qu | NoChange
0 0 0 1 0|1 | 0 RESET
0 1 1 0 1o 1 SET
1 0 0| 0 , _ . . 111] @, | Toggle
' /*Characteristic Table of JK. Flip-Flop*/
4. Excitation Table for JK Flip-Flop: ) )
Flip-Flop Output | Flip-Flop Input j ¥
Qn Qnet I K o p . op
¢ 0 0 X a
0 1 1 X |
1 0 X 1| 2)
i 1 X 0 1)
/*Sate Diagram for KJ Flip-Flop*/
3. State Table: 6. K-Maps: Ke
Present State | Next State | Flip-Flop Inputs %g\ﬁ o 1 2 o \
b A i3 I i Ja | Kp { Ja | Ka : :
R )\ o N o X
o T T o)y x[*]; 1l X X ) ‘ I | X
1 0 0 0 x|l J|o| ® ,7 i
T ] 1 X ]| X [X[X]|X|X A X o . A
j 8 = ﬁ ){ g - l ¢ :“_-, 3 [ Pt ! |
- | ) o ) x ! “ " 2! |
“p z

Logic Diagram:
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térm: Design a mod-6 counter as a synthesis problem using JK flip-flop.
Solution:

A mod-6 counter will generate 0, 1, 2, 3, 4.5, . . . states.

State Diagram: Truth Table:
ClockCount [C B {a
0 010140
1 0|01
2 oj1140
3 01111
4 11010
5 110]1
Sate Table: B .
Present State Next State — Flip-Flop Inputs
C B A C B A Je K¢ Is Ks Ja Ka
ot ol ololor [olxlel x| ]x
1Y Tlolry|o o= | % x|
ol ol o [y [glalxeo] [ x|
SRt e o x| w x|
rToloelylph |xlolo!l x| | =
1 0 1 o\l |Oo | %) D X | X !
1 1 b X X X X X X X X X
1 1 1 X X X X X X X X X
K-Maps
Je
c\FPop g 2

o~
|

A
JaE);
i

Q%%\
° R
QIR
* K

Tg = AT
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Logic Diagram:

NOTE: In the above problem, for the design, initially, when the power is switched on, if circuit enters to
an invalid state (state 6 or state 7), then lock-in condition results. The designed counter will not give

proper result. The solution is self correcting mod-6 counter. .

Problem: Design a self correcting mod-6 counter as a synthesis problem using JK flip-flop.
Solution:

A mod-6 counter will generate 0, 1 , 2, 3, 4.5, . .. states.

State Diagram: Truth Table:
ClockCount | C |B | a
0 0(0|0
1 0101
2 0110
3 011
4 AR
5 1041
Sate Table: _
Present State Next State Flip-Flop Inputs
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< B AT C B aA Jo | Ke | Js | Ks | Ja | Ka
P10 le oo x| | x| 1 |x
O 10 ol rlo e | x| ) | x| x|
bty %l el ]| xialg | )| x
Sl it rlole [ Pix | x ], | x|
Lot oy | ef) x ! g1 2| x| ) |x
Ll1ol Vi elolo | x| |po | x| x|
1 1 0 1110 (x| 1 |x|1|P]|x
L1ttt gl |l x| 1| x| | %]
K-Maps: — —_ -
Te=B) K= 83D Tp= )L Kg=A+C Tp=Cx
Logic Diagram:
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COUNTER DESIGN USING HDL: Re7r 7

/ n:o’a?u)e ve CeLn, Rsv'@) I

mpi) CLR, RST ;

oW L2.7]®; 33[9'?]5'

n)w A m/a%g CLR p» 1€ ) E0ge RS7)
if [~RST) F=3bp,

cLx | MRS
—tpD De T:ﬂ

B2 0]

else B =8+21;

\ 74 JW){//& /

If a particular type of flip-flop to be used for the counter; the Verilog code will be as follows:
/' mrde VCTXK (B, B, CL¥, RST);

Pbl})oﬂ} A,8; )/ Mpdulp -3 rtjwfi.r L FFs \
wire JR,JEB KA, MKE;

o34% » Jh=~5; aﬂgn Kh=1'ba;
adfion I8= B, mg)’ $B=)d);

~—

TKFF K2 (B TB, K8 LK, RST);)) —
n¥moAy)e

mﬁ'ﬁ?}'f}& TKFF [ﬁ Tﬁ ﬁfoﬁfZ)

THFE 750 (3,98, 9, cX, RSTD ) inchrkind s T

wjau} CLR, RST, T, % M;,,I 8, %.4’,

f@ [”€ Q’P &Lﬁﬁ/ EJ?)
[C')PSU &Z 2°bp; @J
| Clse B <= fmae«/a)r (KL
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m: 'J'Design a modulo-8 up down counter which counts in upward direction if input MODE = 0, else
counts in downward direction. It should also have a parallel load facility; when PL = 1, a 3-bit number D
is asynchronously loaded to the counter. The counter counts ot the negative-edge of CLOCK and its
output is represented by Q.

Solution: The Verilog HDL code for the problem is given below. We have used a new keyword infeger
to hold a value tempofarily. Thié helps us in writing both up and down count in one single statement that

responds to CLOCK within elways block.

medyle DOCFL [CLR, PL, WPPE, D, 8); )) UpRewn cwgy;
mpwp CLR, PL, JWDE; ) Wit pvalle) aA
2)9/b1,/} [2:0] o

onpn) (225, req [2:7)5; ) whS 17- 3 55

[-//] 73

l))ﬂ@ef @;&Z Jupdn ¥9) e 32 or <2 ooy
AINGY? (YA ge LR
Dol R
i (DD ypin = =15 )) )f rE) comg »
clse ypApiy =y e Pl
PLPED B=p; )Y prL=1, poold) Jmdys,
)se g = Dy CLX.
@” Mﬁ} %?A CONVERSION AND A/D CONVERSION

VARIABLE, RESISTOR NETWORKS:

Converting a digital signal into an equivalent analog signal is accomplished by designing a resistive

network that will change cach digital digit level into an equivalent binary weighted voltage (or current),

Binary Equivalent Weight:
Consider the truth table of a 3-bit binary signal. Suppose that, we want to change the eight possible digital
signals of this truth table into equivalent analog voltages.

The smallest number represented is 000; let us make this equal to 0 V. The largest number is 111;

let us make this equal to +7 V. This establishes the range of analog signal to be developed.
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Problem: Find the binary equivalent weight of each bit in a 3- bit system and 4-bit system.

" ANALOG AND DIGITAL ELECTRONICS

“Between 000 and 111, there are seven discrete levels. Therefore, divide the analog signal into

The smallest incremental change in the digital signal is represented by (the LSB),

= 1). Hence, in general; LSB weight =

Solution:
Bit | Weight Bit | Weight
27 1/7 2° 1/15
2t 2/7 2! 2/15
TR w22 ans
- 2° 8/15
Sum | 77 :
Sum | 15/15

1
@- 1

The remaining weights are found by multiplying by 2, 4, 8, and so on.

a 1 in 2% position will cause a change of +7 * (4/7) = +4 V, at the output.

2° Hence, a 1 in 2 position will cause a change of +7 * (1/7) =+1 V, at the output.

0
17| Similarly, a 1 in 2’ position will cause a change of +7 * (2/7) = +2 V, at the output; and
0

The process can_be continued; and it is seen that each successive bit will have a value twice
that of the pr-eceding bit. The binary equivaleni weight"o'f LSB is 1/7, next LSB is 2/7 and
MSB (in a 3-bit system) is 4/7. The sum of the weights must be equal to 1 (1/7 +2/7 + 4/7

In a 3-bit system, the LSB has a weight of 1/(2° ~ 1) = /7. The
second LSB has a weight of 2 * 1/7 = 2/7, The MSB has a weight of
4 * 1/7 = 4/7. Thus, the sumis 1/7 + 2/7+4/7=77=1.

in a 4-bii system, ihe LS fis a weighi of 1AZ27 - 1) = 1715,

The second LSB has a weight of 2 * 1/15 = 2/15. The third L.SB has

‘a weight of 4 * 1/15 = 4/15, The MSB has a weight of 8 * 1/15 =

8/15. Thus, the sumis 1/15 +2/15+ 4/15+ 8/15=15/15=1.

Resistive Divider: A resistive divider has three digital inputs and one analog out, as shown in the

following Fig. Assume that, the digital input levels are 0 = 0V and 1 =+7 V. Based on this analog range;

the output analog voltage for all the discrete digital inputs are listed below.

Qe

Digital Inputs { Analog Output
000 HV
0|0 1 +1V
-+
Keaishve ygﬂa)@ g : ? é i
Diwsder On 71010 ey
: - L 1o 1 +HV
1 (1|0 HV
| 1 1 +7V

-+ —..MAHESH PRASANNA K., VCET, PUTTUR




ANALOG AND DIGITAL ELECTRONICS

ré§i§ﬁve divider must do two things in order to change the digital input into an equivalent analog
output voltages: 7
1. The 2° bit must be changed to +1 VC, and the 2' bit must be changed to +2 V, and the 2° bit must
be changed to +4 V.
2. These three voltages representing the digital bits must be summed together to form the analog

output voltage.

A resistive divider that performé these three functions is shown in the fdllowing Fig. Resistor Ry, R;, and

R, from the divider network. Resistance Ry represents the load.

2 ) o

o2 p L)
Ry ZRF 2R
o R 9””)”;

P)J))’u}
X, 27K,

Assume that the digital input 's'igrial is 001 is applied td this. network. For the digital input 001, the

equivalent resistive divider circuit is drawn below.

Vﬂ':*?v
= Z R =
> 1z %%
’ - > V)

The analog output voltage, Va, can be found by Millman's theorem — the voltage appearing at any node

in a resistive network is equal to the summation of the currents entering the node divided by the

%1+ §1+ %i+
summation of the conductances connected to the node; i.e. V= ﬁ
Ry Rz Ra "

Applying Miliman’s theorem to the above network, we obtain;

o o W Y 7/
_ R Ro/2 = Ro/+ _ Ry 4
Va= 1n 5 11 ) 4—$“+1V

—+
Ry Ry/2 ° Ro/4 Re Ry Ry
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the output V, can be found for any digital input signal by using the following modified form of

Vo204 V2 4 Vo224 Va2 o + Wy 2770
(2"-1)

Millman’s theorem: V, =

where, Vy, Vi, Vo, V3, - o0 Vo are the digital input voltage levels (0 or V) and the » is the number of
input bits. ‘ o o

Problem: For a 5-bit resistive divider, determine the following: (a) the weight assigned to the LSB; (b)
the weight assigned to the 2 and 3 LSB; (c) the change in output voltage due lo a change in the LSB,
the 2™ LSB. and the 37 LSB; (d} the output voltage for a digital input of 10101, Assume 0 =0V and 1 =
+I0 V.
Solution:

(a) For a 5-bit resistive divider, the LSB weight is: 1/2° ~1)=1/31.

(b) The 2™ LSB weight is: 2 * 1/(2° — 1) = 2/31. The 3 |,SB weight is: 4 * 1/(2° —~ 1) =4/31,

(¢) The LSB causes a change in the output voltage of 10/31 V. The 2™ 1.SB causes a change in the

output voltage of 20/31 V. The 3" LSB causes a change in the output voltage of 40/31 V.

10+ 204 0* 27+ 10+ 2%+ O» 2%+ 10+ 2¢
(25-1)

= [10 (1+4+ 16)/31 = 210/31 = +6.77Y

(d) The output voltage for the dlgltal 1nput of 10101 is: VA = -

Drawbacks:
1. Each resistor in the network has a different value. Since these dividers are usually consvucted by
using precision resistors, the added expense becomes unattractive.
2. The resistor used for the MSB is required to. handle a much greater current that that used for LSB
.reswtor For éxample, in 10-bit system, the current through MSB resistor is approximately 500
-~ times as large as the current through the LSB resistor.

For these reasons, another type of resistive network, called a ladder, has been developed.

BINARY LADDER:

A binary ladder is a resistive network, whose output voltage is a properly weighted sum of the digital

inputs. Such a ladder, designed for 4-bits, is shown in the folldwing Flg It is constructed of resistors that
have only two values: R and 2R. Qo 21 22/
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ground. Beginning at node A, the total resistance looking into the terminating resistor is 2R. The total

resistance looking out towards 2° input is also 2R. These two resistors can be combined to form an

equivalent resistor of value R as shown in Fig (a) below.

) s =
22K

L s B

d . Fig .(a)

Now, moving to node B, we see that the total resistance looking into the branch toward node A is 2R, as

o, D

is the total resistance looking out toward the 2' input. These resistors can be combined to simplity the

network, as shown in Fig (b) below. =
- 2% 2

C D C D

= Fig (b) ~ Fig(c)
In the similar fashion, in the network shown in Fig (b); the resistance looking back toward node C is 2R,
as is the resistance looking out toward the 2° input. Hence, network in Fig (b) can be simplified as
network shown in Fig (¢). o

From this equivalent circuit (Fig (c)); it is clear that, the resistance looking back toward node C is
2R, as is the resistance looking out toward the 2° input.

We can conclude that, the total resistance looking from any node back toward the terminating

resistor or out toward the digital input is 2R,

Now, assume that; the digital input is 1000. With this input signal, the binary ladder can be drawn
as shown in Fig (d) below. Since there are no voltage sources to the left of node D, the entire network to

the left of node D can be replaced by a resistance of 2R to form the equivalent circuit shown in Fig (e)

%

2R

JW\/‘J7 *V)

F’g le)

| 2 = =
~Z=="-MAHESH PRASANNA K., VCET, PUTTUR —
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2R 4V

51 this equivalent circuit, it can be easily seen that the output voltage is: VamVr omon =3

Thaus, a 1 in MSB position will provide an output voltage of +V/2. _
Similarly, it can be shown that, a 1 in second MSB position will provide an output voltage of

+V/4; a 1 in third MSB position will provide an output voltage of +V/8; and a 1 in LSB position will
provide an output voltage of +V/16.

Problem: What are the output voltages caused by each bit in a 5-bit ladder, if the input levels are 0 = 0V

and 1 =+10V?
Solution: The output voitages caused by each bitina NOTE:
5-bit ladder are given below: Bit Binary Output
First MSBV, = 2r = Z2= +5V : Position | Weight Voltage
Second MSBV, = 2= 20— 45y | P 12 viz
w a1 2" MSB 1/4 V/4
Third MSBV, = === —— = +1.25V
s it T 37 MSB 178 Vi
Fourth MSB V, = % = Z—?— = +0.625V 47 MSB 1/16 V/16
Y
LSB = Fifth MSB I/, = :—‘2’ = *3—12“ = +03125V 5" MsB 1/32 Vi32
Nth MSB 128 Vit

Based on the principle of Superposition;

the total output voltage due to the combination of input digital levels, can be found by simply taking the
sum of the output levels caused by each digital input individually.

In equation form, the output voltage is given by; V= % + % + % + Ivg + ..+ ;—n

where # is the total number of bits at the input.

V, = Vo204 V204 1,224 V5234 o+ Ty 270
4 = —5

This equation can be simplified as; 5

where Vo, Vi, Va, . . ., Vo are the digital input voltage levels.

Problem: Find the output voltage from a 3-bit ladder that has a digital input of 11010. Assume that 0 =0
Vand1=+10V. ' SR ' B
Solution: The output of a 5-bit ladder for the digital input 11010 is given by;

0+ 204 10+ 214 0% 224 10+ 23+ 10+ 2* 10(2+8+16) 10+26
Vy= 25 =1 a2 1= = +8.125V
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Problem: What is the full-scale output voltage of the 5-bit ladder which has a digital input of 11010?
Solution: The full-scale voltage is simply the sum of the individual bit voltages; thus
V=5+25+125+03125=+9.6875V

The Operational Amplifier (OA} can be connected to the binary ladder as a unity-gain non-inverting

amplifier.

Connecting an OA te Binary Ladder

D/A CONVERTERS:

The resistive divider or the ladder can be used as the basis for a digital-to-analog (D/A) converter. The
resistive network translates digital signal to an analog voltage. Additional circuitry is required to complete
the design of the D/A converter.
* There must be a register that can be used to store the digital mformation This register could be
any one of the many types discussés,
¢ There must also be level amplifiers between the register and the resistive network to ensure that
the digital signals presented to the network are all of the same level and constant.

¢ There must be some form of gating on the input of the register such that the fli 7p flops cag be set
gt . 0wk ¢

with the proper information from the digital system.

A complete digital-to-analog converter in block diagram
form is shown. S o ' j”)’“}' lemtes

A complete schematic for 4-bit D/A converter is shown in

the following Fig.
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~ 4-Bit D/A Converter -

Each level amplifier have two inputs: one input is the +10 V from the precision voltage source, and the
other is from a flip-flop. The amplifiers work in such a way that, when the input from a flip-flop is high,
the output of the amplifier is +10 V; and when the input from the flip-flop is low, the output is 0 V.

Out of four flip-flops, the flip-flop on the right represents the MSB, and the flip-flop on the left
represents the LSB. Each flip-flop requires a positive level at the R or § input to reset or set it

The gating scheme for entering information into the register is straightforward. When the READ
IN line goes high, only one of 'thé two gafe outputs connected to each ﬂip-ﬂop is high, and the flip-flop is

set or reset accordingly. Thus, data are entered into the register, each time the READ IN pulse occurs.

Multiple Signals: Quite often, it is necessary to decode more than one signal. We have two ways in
which the signals can be decoded.
The first method is, simply to use one D/A converter for each signal (as shown in the following

Fig). This has the advantage that, each signal to be decoded is held in its register and the analog output

~—-MAHESH PRASANNA K., VCET, PUTTUR
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s then held fixed. The digital input li%nes are connected in parallel to each converter. The proper

Diam Inpw Liyes

converter is then selected for decoding, by the select lines.

— Db Cowerig F—> Vs,

_Jc ¥— )97/,@?

Chomne) L o Lovwrder =V

Soeokr [ -] L] P

2P loywerdty Yag)

Decoding a Number of Signals - Channel Selection Method
The second method involves the use of only one I/A converter and switching its output. This is
multiplexing; and such a system is shown in the following Fig. The disadvantage here is that, the analog

output signal must be held between sampling periods, and the cutputs must therefore be equipped with

samnle-and-hold amnlifiers. Sam)v)e ¢ e

4
);m}o)' £75
Dipn) Joph Liyes mu)}f§ ) o l N Ve
c — ™ 9,
l AE :

D)} Lowweier
———t> V53 '-"‘D'_—” Vs

&—_—P ‘1/»)7 _—_____P——'? V}))-,

Decoding a Number of Signals ~ Multiplex Method

D/A Converter Testing: Two simple, but important tests that can be performed to check the proper
operation of the D/A converter are the study-stafe accuracy test and the monotonicity test.
o The study-state accuracy test involves setting a known digital number in the input register,

measuring the analog output with an accurate meter, and comparing with the theoretical value.
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7o "I\Jibnotonicity test means, checking that the cutput voltage increases regularly as the input digital
signal increases. This can be accomplished by using a counter as the digital input signal and
observing the analog output voltage on an oscilloscope. For proper monotonicity, the output
waveform should be a perfect staircase waveform (as shown below). The steps of the staircase
waveform must be equally spaced and of the exact same amplitude. Missing steps, steps of

different amplitude, or steps in a downward fashion indicate malfunctions (as shown below).

*V

7

"‘IF

Monotonicity Test: Correct Output & Irregular Output Voltage Waveform

Available /A Converters: D/A converters with 6-, 8-, 10-, 12-, 16-bit resolution are available. An
ingxpensive and very popular D/A converter is the DAC0808 — an 8-bit D/A converter, available from
National Semiconductors. In the followmg Fig, a DACO0808 is connected to provide a full-scale output
voltage of VO = +10 V, when all 8 digital inputs are 1s. If the eight digital inputs are all 0s, the output

voltage will be 0 V. ] Vee = 5V WE R4t
5B pr—s 13

5 - Vy;{ = APV
Ao —F ?—) 5x4 D ya/
o ,93 7 C ) L
99%# Pr—F o s R=5x0
)y‘y.f Y )D 4 -
. g 4 ~
Az ” Zo oA ‘\é

—d 11
[158) A 1R Roupr [ ¥

— ~~MAHESH PRASANNﬁ K., VCET, PUTTUR =




" ANALOG AND DIGITAL ELECTRONICS

a0 DC power supply voltages are required for the DAC0808: Ve = +15 V and Vgz = —15 V. The 0.1
WF capacitor is to prevent unwanted circuit oscillations, and to isolate any variations in Veg Pin 2 is
ground and pin 15 is also referenced to ground through a resistor.

The output of the D/A converter on pin 4 has a very limited voltage range (+0.5 to —0.6 V). This pin is
designed to provide an output current, I,. The minimum current is 0.0 mA, and the maximum current is

Lr. This reference current is established with the resistor at pin 14 and the reference voltage as;

The D/A converter output current Iy is given as;
Iy = Ies (ﬂ%- Eil- £-+ ...+. ﬂ)— ——————— - (2)
2 4 8 256
where, Al, A2, A3, ..., A8 are the digital input levels {1 or 0).
The output voltage is givenas; Vo= Ijy*R— — = = = = — = = (3)
Substituting equations (1) and (2) into (3), we get;

v,,ef/ (Al A2 A3 AS)
V, = L+ 28R
0 Rer\2 72778 256/ "

If R = Ry, we get;

v .. (Al A2 A3 A8\

Ye= Vg3 T g T 0T 256)
Suppose, all the digital inputs are all Os; then,

0 0 o0 0
Vo = Vier (E+ Z+ §+ ot EE) =0.0Vdc

Suppose, all the digital inputs are all 1s; then,
(255

—--) = 0.996 + Ve

i1 1 1 -
v, = V,.ef(—+-+—+ ...+—)=Vref s

2 4 8 256
Problem: For a DA0OSOS, A1 is high, A2 is high, AS is high, and A7 is high. The other digital inputs are

all Os. What is the output voltage Vo?

Solution: _
1 1 1y

- : 1
V.=V i —F—1= 789=789V
u "-‘f(z 4" 32 128) 10+0.789 ?

D/A ACCURACY AND RESOLUTION:

Two very important aspects of the D/A converter are the resolution and the accuracy of the conversion.

The accuracy of the D/A converter is primarily a function of the accuracy of the precision resistors used

in the ladder and the precision of the reference voltage supply used. Accuracy is a measure of how close
" P

the actual output voltage is to the theoretical output value.
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For example, suppose that the __theoretical output voltage for a particular input should be +10 V.
An accuracy of 10 % meansr that, the 'actuel. output voltage must be somewhere between +9 and +11 V.
Similarly, if the actual output voltage were somewhere between +9.9 and +10.1 V, this would be an
accuracy of 1 %.
Resolufion defines the smallest increment in voltage that can be distinguished. Resolution is
s

primarily a function of the number of bits in the digital input signal; that is, the smallest increment in

output voltage is determmed by the LSB.

For example, in a 4—b1t system, usmg ladder, the LSB has a welght of —. This means that, the
smallest increment in the output voltage is E of the input voltage. If we assume that, this 4-bit system has

input voltage levels of +16 V; (since has a weight of -11;) a change in LSB results in a change of 1 V in the

output. Thus, the output voltage changes in steps of 1 V.

Hence, this converter eat;? ,bf used to represent apalog voltages from 0 to +15 V in 1-V
increments. But, this converter canﬁbe used to resolve voltages into increments smaller than 1V. If we
desire to produce +4.2 V, using this converter, the actual output voltage would be +4.0 V. This converter
is not capable of distinguishing voltages finer than 1 V, which is the resolution of the converter.

1f we want to represent voltages to a finer resolution, we would have to use a converter with more

input bits. For example. the LSB of a 10-bit converter has a weight of 1/1024. 1f this converter has a +10

V full-scale output, the resolution is approximately, +10 * Tulz =10 mV.

Problen: What is the resolution of a 9-bit D/A converter which uses a ladder network? What is the
resolution expressed as a percentage? If the full-scale output voltage of this converter is +3 V, what is

resolution in volts?

Solution: The LSB in a 9-bit D/A converter has a weight of —_ Thus this converter has a resolution of |
part in 512, o

The resolution expressed in percentage is —1— -* 100 percent 0.2 %,

The voltage resolution is obtained by multiplying the weight of the LSB by the full-scale output voltage.

Thus, the resolution in volts is: E *5=10mV.

Problem: How many bits are required at the input of a converter, if it is necessary to resolve voltage to 5

mV and the ladder has +1 0 v full-scale°

Solution: The LSB of an 1i-bit D/A converter has a resolution of —_— ThlS would provide a resolution at

the output of ?M_ ¥ 10 =+5mV.
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CONVERTER:

digital {4/D) conversion.

A/D CCNVERTER = SIMLUTANEOUS CONVERSION METHOD:

The process of converting an analog voltage into an equivalent digital signal is known as analog-to-

The simultaneous method of A/D conversion is based on the use of a number of comparator circuits. One

such system using three comparaitors is shown in the following Fig.

3wl :
4 _

Comparator Outputs

Input Voltage c = S

9 ” ﬂ %ﬂ . 1 2 3
. o Oto+V/4 | Low | Low | Low
”7) 2 +V/4 to +V/2 | High | Low | Low
Vﬁ))ge V72 to +3V/4 | High | High | Low
+3V/4to +V | High | High | High

Simultaneous A/D Conversion

The analog signal to be digitized serves as one of the inputs to each comparator, The second input is a

standard reference voltage. The system is capable of accepting an analog input voltage between 0 and +V.

If the analog signal exceeds the reference voltage to any comparator, that comparator turns on. The

comparator output levels for the various ranges of input voltages are summarized in the Table given

above.

The complete block diagram for an A/D converter is shown in the following Fig.

v
P 2-Bit Simultaneous A/D Converter (Block Diagram)
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teral, 2r — I comparators are required to convert to a digital signal that has 7 bits. Consider the 3-bit

AD converter shown in the following Fig. Re }9}7 %’? F.'E 7
> Araley inpw Yihme - e
L R Oz Y= _ : R, Y]
g C -
. 4 & :
*3Y — Do L
% ‘ Cy .
>___.L._[>,~f4 2' | T
2 Ce o Il
1-;_32{ :D — —
£ Ca Lo R & p
>V — | L4
< C) ¥
E S - Lf S & Y
m/mm)ﬁfs Repp .
- ] Fnes R B

En cpa?iy Mobr)x Dudpnt Pg/ia?ﬂ'

3-Bit Simultaneous A/D Converter

The coding network accepts seven input levels and encodes them into 3-bit binary number. Operation of

the coding network can be understood by the Table of outputs given below.

- MAHESH PRASANNA K., VCET, PUTTUR

Comparator Level Binary Output
Input Voltage
Gl G|GlaGlG GG [27]20]72
0toV/8 | Low { Low | Low | Low | Low | Low ; Low | 0 0
V/8 to V/4 | High Low | Low Low | Low [ Low |[Low | 0 | O 1
Vi 1o3V/e | High | High | Low | Low | Low | Low [Low | 0 | 1| 0
3V/8to V/2 | High | High | High | Low | Low | Low | Low | 0 | 1 1
V/2to 5V/8 | High | High | High { High | Low | Low [Low | 1 | 0 | 0
5V/8 to 3V/4 | High | High | High | High | High { Low | Low | 1 | 0 | 1
3V/4 to 7V/8 | High | High | High | High | High | High | Low | 1 1 ¢
7V/8to V | High | High | High | High | High High | High | 1 1 1

Logic Table for the 3-Bit Simuitaneous A/D Converter
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2¥bit is casiest to determing, since it must be high whenever C; is high.

The 2' bit must be high whenever C; is high and C; is high, or whenever Cs is high. Hence, we can write;
2'=Cyl, + Ce

In the simitar manner; 2° = C,C, + CyC4 + CsCs + Co.

The transfer of data from the encoding matrix into the register must be carried out in two steps:

v A positive RESET pulse to reset all the flip-flops low

¥" A positive READ pulse allows the proper READ gates to go high and thus transfer the digital
information into the flip-flops. '

A convenient applicatibn for a 9318 priority encoder is to use it to replace all the digital logic shown in
the above Fig, as follows.

c
>
| Ce
Y — 7 2
= C; ‘
£y __> z 9»35}5)
F Ca 93)3 ¢>2r |
~ > 9}1&1/7}5
z '——f Cz b
~.
3V v
npu—
“ Ch
y- —

3-Bit Simultaneous A/D Converter Using 9318 Priority Encoder
Advantages:

o The construction of a simultaneous A/D converter is quite straightforward and relatively easy to
understand.

o This method is simple and is capable of having extremely fast conversion rates. Hence, this type-
of converter is frequently called as a flash converter.
Disadvaniages:

*  As the number of bits in the desired digital system increases, the number of comparators increases
rapidly (2" — 1.

Example: The Motorola MC10319 — an 8-bit flash A/D converter.
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e

D-CONVERTER —~ COUNTER METHOD:

A higher-resolution A/ID converter using only one comparator could be construcied if a variable reference

voltage is available. The following Fig shows the block diagram for a counter-type A/D converter.

.sltan... *

| 13‘:!5§'E9§.l

- jlevel Amps

gf:éirzﬁa. 1
Binary |
Ladder

N-bit

Grighai
olp

Counter Type A/D Converter

First, the n-bit counter is reset to all 0s. When a signal appears on the START line, the gate opens and the
clock pulses are allowed to pass through to the input of the counter. The counter advances through its
normal binary sequence, and the staircase waveform is,_—generate_d at the output of the ladder. This
waveform is applied to oné' side of the comparator, and the anafog input voltage (which is to be digitized)
is applied to the other side. When the reference voltage equals (or exceeds) the input analog voltage, the
gate is closed, the counter stops, and the conversion is complete. The number stored in the counter is now
the digital equivalent of the analog input voltage.

Advantages: The counter-type A/D converter provides a very good method for digitizing to a high
resolution. This method is much simpler than the simultaneous method for high resolution.
Disadvantages: The conve:;-sion time required is longer. Since, the counter always begins at zero and
counts through its normal binary sequence, as many as 2" counts may be necessary before conversion is

complete. The average conversion time is, 27/2 or 2~ ' counts.

Problem: Suppose that, a counter-type A/D converter for 8-bit is driven by a 500 KHz clock. Fine (a) the
maximum conversion time; () the average conversion time; (c) the maximum conversion rate.

Solution:




,,,,

,{a‘)/An 8-bit converter has a maximum of 2* = 256 counts. With a 500 KHz clock, the counter
advances at the rate of I count each (1/500 K) 2 ps. To advance 256 counts, the counter requires
256 %2 * 107° =512 ps.

(b) The average conversion time is one-half the maximum conversion time. Thus, it is ¥ * 512 ys =
0.256 ms.

(¢) The maximum conversion rate is determined by the longest conversion time. Since the converter

has the maximum conversion time of 0.512 ms, it is capable of making at least 1/(0.512 * 107%) =
1953 conversions per second. CA A

05 n - n-n nn n
A/D CONVERTER — CONTINUOUS CONVERSION METHOD: U)’ I
Consider the continuous- type A/D converter shown inthe followmg Fig,

- R - ppen | |
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,--N’z;m.-

Do) /(' o | [——' LodAer

NDAL < W
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Continuous A/D Conver"re.r- | 9& J}ﬁ) p}fﬁ’ﬂ'}'

~ The output of the ladder is fed inio a comparator which has two outputs. When the analog voltage is more

positive than the ladder output, the up count of the comparator is high. When the analog voltage is more

negative than the Jadder output, the down count of the comparator is high.
If the up output of the comparator is high, the AND gate at the input of the up flip-flop is open,

and the first time the clock goes positive, the up flip-flop is set, and the counter will advance one count.
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] ﬂ;er can advance only one count, since the output of the one-shot (OS) resets both up and down
flip-flops just after the clock goes low. _

As long as the up output of the -comparatbr is high, the converter continuous to operate one
conversion cycle at a time. At the point, where the ladder voltage becomes more positive than the analog
input voitage, the up output of the comparator goes low and the down output of the comparator goes high.

The conversion then goes through a count-down conversion cycle.

A/D TECHNIQUES — SUCCESSIVE APPROXIMATION:

The block diagram for successive approximation converter is shown in the following Fig.

ra.——_--_.——__-..—r_._-——.—-'l
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%:éuccessin%proximaTion Converter

The converter operates by successively dividing the voltage ranges in half. The counter first resets to all
0s, and the MSB is then set. The output of the ladder produces an analog equivalent of MSB and is
compared with the analog input (which is to be digitized).

If the comparator output is low, means, the ladder output is greater than the analog input. Hence,
the MSB will be cleared and the next bit will be set. If the comparator output is high, means, the ladder
output is less than the analog input. Hence, the MSB is set to the next position. The process goes on until
all the bits are tried. ‘ .

Advantages: High speed and better resolution,

Example: ADC0804: 8-bit CMOS microprocessor compatible successive-approximation A/D converter.
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UUAL SLOPE A/D CONVERSION:
Self Study.

A/D ACCURACY AND RESOLUTION:

Self SN,
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